I n humans, death by strangulation is a slow process that takes about four minutes. During this time, the victim uses up oxygen in the lungs but keeps producing carbon dioxide, which remains trapped in the body. On page 192 of this issue, Peng et al. 1 present evidence of an analogous slow 'strangulation' process that ends the formation of stars in many galaxies by disrupting the supply of gas that accretes onto those galaxies from the environment. Instead of building up CO 2 , the strangled galaxies accumulate metals -elements heavier than helium -produced by massive stars.
Almost 90 years ago, Edwin Hubble classified galaxies into three morphological types: spirals, ellipticals and lenticulars (Fig. 1) . In spirals, stars form a disk and turn around in circles like the horses on a cosmic merrygo-round. Ellipticals are the wrecks of galaxy crashes, in which stars move chaotically in all directions. Lenticulars form an intermediate type between the two. Most spirals are blue because they contain young blue stars, but elliptical and lenticular galaxies contain little or no cold gas to make new stars, and so only old red stars remain. Historically, astronomers have been more interested in the morphologies of galaxies than in their colour. Attention switched to colour after the Sloan Digital Sky Survey (SDSS) measured the spectra of hundreds of thousands of galaxies.
The SDSS demonstrated that blue (starforming) and red (passive) galaxies form distinct populations 2 . Since then, various hypotheses have been put forward to explain what causes galaxies to transition from one type to the other. Most revolve around two ideas. The first is that the gas in ellipticals and their surroundings is too hot to make stars and does not cool efficiently. The second is that the gas that could cool and make stars is kept hot or blown away by phenomena linked to the growth of supermassive black holes, which are found at the centres of all ellipticals 3 . The main motivation for considering violent expulsion scenarios comes from computer simulations of the formation of ellipticals in galaxy mergers. These simulations need a mechanism that gets rid of gas to avoid forming blue cores 4 , which are rare in real ellipticals. Peng et al. present evidence that the formation of stars in most passive galaxies ended through a slow strangulation process. The authors compared the metal content of the stars in approximately 23,000 passive galaxies from the SDSS with that of a control sample of about 4,000 star-forming galaxies, also from the SDSS. They discovered that the metal content of the former is systematically larger than that of the latter, at least for galaxies that have stellar masses up to 100 billion times the mass of the Sun, the limit mass (M * ) above which galaxies become scarce. This constitutes evidence for galactic 'suffocation' , in the same way that high levels of CO 2 in the blood of a corpse suggest suffocation.
From the difference in the metal content of the stars of passive and star-forming galaxies, Peng et al. inferred a delay of 4 billion years (or 2 billion years for galaxies close to M * ) between the time that gas stopped being supplied and the time that star formation ended. This delay is consistent with the mean age difference between passive and star-forming galaxies (about 4 billion years at all masses).
As any forensic scientist will tell you, suffocation does not imply strangulation. But the difference in metal content is higher for galaxies in groups and clusters than it is for isolated galaxies, suggesting that crowded environments strangle galaxies by disrupting the accretion of gas onto them. This disruption might occur either through ram pressure (the pressure exerted on a body moving through a fluid medium) or through tidal forces.
ASTROPHYSICS
The slow death of red galaxies For most galaxies, the shutdown of star formation was a slow process that took 4 billion years. An analysis of some 27,000 galaxies suggests that 'strangulation' by their environment was the most likely cause. See Letter p.192 Figure 1 | Colours and masses of galaxies. Blue galaxies produce new stars, whereas red galaxies do not. Spiral galaxies generally have relatively low masses (usually lower than 10 10.5 times the mass of the Sun). Massive lenticular or elliptical red galaxies have masses approximately 10 10.5 -10 11.5 times the mass of the Sun. Any process that quenches star formation will shift galaxies from the blue to the red population. Peng et al.
1 present evidence for a slow process, called strangulation, that shuts down star formation and modifies the chemical composition of galaxies, but preserves their mass and structure. 
T H O M A S R . C L A N D I N I N & L I S A M . G I O C O M O
A nimals need accurate navigational skills as they go about their everyday lives. Many species, from ants to rodents, navigate on the basis of visual landmarks, and this is complemented by path integration, in which neuronal cues about the animal's own motion are used to track its location relative to a starting point. In mammals, these different types of navigation are integrated by neurons called head-direction cells 1 . In this issue, Seelig and Jayaraman 2 (page 186) provide the first evidence that certain neurons in fruit flies have similar properties to headdirection cells, encoding information that orients the insects relative to local landmarks.
Head-direction cells act as a neuronal compass that generates a cognitive map of an animal's environment. The activity of each head-direction cell increases as the animal faces a particular direction, with different cells preferentially responding to different directions 1, 3 . Rather than certain cells always responding to north, south and so on, the direction in which the cells fire is set up arbitrarily when the animal encounters new visual landmarks. The signals are then updated by selfmotion cues as the animal navigates. Studying head-direction cells in mammals is challenging because of the complexity of the mammalian brain. By contrast, the small fly brain is a good model for studying neuronal activity.
Seelig and Jayaraman recorded the activity of a specific population of neurons in the fruit-fly central complex, a region that spans the midline of the brain and which coordinates movement with visual cues. The authors The slow shutdown of star formation inferred by Peng et al. from observations of galaxies with masses lower or equal to M * contrasts with the fast shutdown behaviour of much larger galaxies, such as giant ellipticals. The stars of giant ellipticals have a low iron content because they were made on a short time span (less than 0.3 billion years for a galaxy of mass greater than 3 M * ) 5 -that is, there was not enough time for many type Ia supernova explosions, the source of iron. Because there are many more red galaxies below M * than there are above, Peng et al. are correct to argue that strangulation is the main mechanism for star-formation shutdown. But the different chemical properties of low-and high-mass red galaxies imply that they must have formed through different routes. Morphological differences back this interpretation: red galaxies with masses above M * /3 are all ellipticals or lenticulars; but below M * /3, 40% of them are red spirals 6 , as would be expected if strangulation has occurred.
There is also a difference between ellipticals and lenticulars. Most elliptical galaxies that have stellar masses in the range of 1 M * to 2 M * were already in place at a redshift of between 2 and 3, a period when the Universe was about one-fifth of its present age. Lenticulars appeared more gradually, replacing a pre-existing population of spiral and irregular galaxies (M. HuertasCompany, personal communication). The ratio of ellipticals to lenticulars is approximately 3:5 for galaxies of approximately 1.5 M * , but lenticulars should predominate in the mass range explored by Peng and colleagues. Further evidence for the presence of two evolutionary tracks has been obtained by comparing the evolution of the star-formation rate of galaxies with the evolution of the galaxies' size 7 . Cosmological models 8 of the formation and evolution of galaxies predict two mechanisms by which star formation shuts down. In these models, galaxies more massive than 1.5 M * reside at the centres of groups and clusters. They grow extremely rapidly until, at a redshift of about 3 (which corresponds to when the Universe was one-quarter of its current size), they attain the critical mass at which infalling gas is effectively shock-heated. Some violent phenomenon then quenches star formation. However, the models also predict that galaxies below 0.6 M * become red much later (at a redshift of less than 0.5) and much more gradually, in most cases because they stop accreting gas after becoming part of a group or a cluster. Thanks to Peng and 
